








Evolution Biology 

Evolution 













r V fifjrj * Prepared by Prof. Jassiel Nyengani Zulu 




African Virtual university 
Universite Virtuelle Africaine 
Universidade Virtual Africana 



African Virtual University 



■ ■• 


• * 


•••*••• 


It** 


••■*■•• 


■•*• 


•*•**•*• 


It** 


•»•••••• 


■ •«•• 


••■•■•«•• 


■ ■••• 


****••#• 


'•*•* 


»•• ••• 


!•*•* 


1 

I ■ *** 


1**** 

1**** 
!•+#* 


* « 


■ «•■• 


* JJ 


i*s* 


• •• 





NOTICE 



This document is published under the conditions of the Creative Commons 

http://en.wikipedia.org/wiki/Creative_Commons 

Attribution 

http://creativecommons.Org/licenses/by/2.5/ 

License (abbreviated "cc-by"), Version 2.5. 




BY: 



SOME AIGH15 RE5ERTED 



African Virtual University 2 






TABLE OF CONTENTS 



1. Evolution Biology 


3 


II. Prerequisite Course or Knowledge 

III. Time 


3 
3 


IV. Materials 


3 


V. Module Rationale 


4 


VI. Content 


5 


6.1 Overview 


5 


6.2 Outline 


6 


VII. General Objective(s) 


7 


VIII. Specific Learning Objectives 


8 


IX. Teaching And Learning Activities 

X. Learning Activities 


10 
18 


XI. Glossary of Key Concepts 


32 


XII. List of Compulsory Readings 


34 


XIII. Compiled List of (Optional) Multimedia Resources 

XIV. Compiled List of Useful Links 


37 
38 


XV. Synthesis of The Module 


45 


XVI. Summative Evaluation 


46 


XVII. Resource Books 


49 


XVIII. Main Author of the Module 


50 



• * 






African Virtual University 3 



m ••*■•■« •• 



• ■■* 




I. Evolution Biology 

Evolution 8, Prof. Jassiel Nyengani Zulu, Univereity of Zambia 



Homo habilis 

The first Homo 

2.2-1.6 million years ago 

http://en.wikipedia.org/wiki/Homo_habilis 

Websit accessed on 29 th March 2007 



II. Prerequisite Courses or Knowledge 

This is a course developed for students who are going to do evolution for the first time. 
Therefore you should have a working knowledge of the chromosome theory and the 
nature of meiosis with particular reference to recombination and its advantages in 
the process of reproduction. You should also be conversant with the principles and 
concepts of Mendelian and post Mendelian genetics to be able to describe the terms 
such as genotype, phenotype and variation. This will require you to know that a 
gene is the unit of heredity and that it is located on the Deoxyribonucleic acid (DNA) 
molecule. You should understand the structure and role of DNA, as the universal 
molecule that specifies the amino acid sequence of protens in cells of organisms. 
This knowledge should be of an elementary type as described in an Advanced level 
textbook of Biology. 

Knowledge of basic ecology will help you to understand that the species is the fun- 
damental unit of a population and that populations constitute a community. These 
organisms have specific areas of preference called habitats where a set of environ- 
mental conditions in terms of both climate and food favour their existence. Outside 
these conditions a species fails to cope with life and may get elininated. Each species 
in a habitat plays a specific role. 

It will also be useful for you to have a working knowledge of biostatistics or elementary 
algebra for working out probabilities and doing binomial expansions as this knwo ledge 
is of fundamental importance when considering change in a population with time. 




A section of a model of a DNA molecule 
http://en.wikipedia.org/wiki/Evolution 
Websit accessed on 29 th March 2007 
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III. Time 

This module will take you 120 hours at most to cover all the contents 

IV. Material 

To complete this module successfully the following items are necessary; access to a 
personal computer; access to internet facilities, CD-Rom and capacity to undertake 
field studies. Permission must be sought from relevant authorities to visit fossil sites 
such as those in Kenya, South Africa and Zambia. And to understake study visits of 
Museums that have historic commentaries on the evoluton of man. One such Museum 
is the one based in Livingstone the tourist Capital of Zambia. 

V. Module Rationale 

This module trains you to develop a scientific way of thinking about biological 
diversity rather than attempting to memorize facts about the history and diversity 
of living things. As the course proceeds you will acquire an evolutionary «way of 
thinking» about the remarkable diversity of life on the planet earth. The course will 
take you through the process of evoluton step by step and make you understand how 
the fossil record accounts for the history of life, what evidence there is to support the 
idea of evolution, how changes in organisms take place to bring about species and 
finally how patterns of life, which we refer to as biodiversity, come about. One of the 
patterns of evolution of life is exemplified by the evolution of human beings. Key 
to understanding evolution is the mechanism of evolution, which explains species 
diversity through variation. Ultimaterly, you will be able to account intelligently 
for the extinction of dinosaurs and the eventual radiative evolution of the primates 
culminating into the human beings. You will also be able to explain how some of 
the insects came to resemble so much and yet fail to interbeed or in other instances 
why orgranisms may look so different from one another and yet interbreed and give 
rise to fertile offspring. 
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VI. Content 



6.1 Overview 

This module focuses on how evolution occurs and accounts for the abundance of 
life on earth. It summarises the evidence for evolution drawing examples from 
morphological and anatomical structures, including physiological and biochemical 
processes. The course emphasises variation among life forms as the fundamental basis 
for evolution arising from environmental factors and mutations that act on the genes, 
which are the basic units for inheritance. When these genetic changes in a population 
are constantly acted upon by a variety of environmental pressures, organisms with 
better-suited genes to the changing environment survive, reproduce and multiply. 
These organisms are favoured by the process of natural selection, which continues 
to act on the population, over successive generations, until a population that at one 
time could interbreed not longer can do so. This leads to a population split that gets 
divided into two or more species. The course also examines some of the isolation 
mechanisms leading to species formation including those that result into species 
diversity through adaptive radiation. The course further examines some aspects of 
human evolution and provides information on how humans with their developed 
brain have influenced the course of evolution through the knowledge acquired by 
farming, genetic engineering and medicine. 




http://en.wikipedia.org/wiki/Evolution 
Websit accessed on 29 th March 2007 
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6.2 Outline 

Unit 1. Historical perspective (18 hours) 

The views of Aristotle, Lamarck, Weisman and Darwin on evolution 
The central dogma of evolution 
Unit 2. Evidence for evolution (18 hours) 

Paleontology; 

Comparative studies in anatomy, embryology, biochemistry and cell bio- 
logy; 

Geographical isolation. 
Unit 3. The mechanism (34 hours) 

Variatioin; 

Genetic sources of variation; 
Natural selection; 
Population genetics and 
The Hary - Weinberg principle 
Unit. 4 Macroevolution (25 hours) 

The species concept; 
Speciation: 
Patterns of evolution 
Human evolution (25hours) 

Primate ancestors; 

Apes and other hominids; 

Major trends in Homid evolution and 



Evolution 



Early views 
by various 
worrkers 



Paleontology, 

Comparative 

studies, 

geographical 

isolation 



Variation, sources 
of variation, natural 
selection, Populatioi 
genetics 



The species 
concept, 
speciation, 
patterns of 
evolution 



Primate ancestors, 
Apes and other 
hominids, Homids, 
Major trends in 
hominid evolution 
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VII. Objective(s) 

At the end of the course you should be able to; 



1 . Understand the theories of evolution. 

2. Discuss the evidence for the process of evolution. 

3. Explain the mechanisms involved in the process of evolution. 

4. State the sources of variation in organisms. 

5. Explain how variation leads to biodiversity. 

6. Understand the concepts of speciation in natural populations. 

7. Discuss specific examples of coevolution. 

8. Discuss the conditions under which the Hardy- Weinberg principle 
operates. 

9. Understand the major trends in the process of human evolution. 

10. Apply methodologies used to study evolutionary biology 




Hooded crows and carrion crows look different, and largely mate within their 
own groups — but in some areas, they hybridize. Should they be considered the 
same species or separate species? 

http://evolution.berkeley.edu/evosite/evol01/VADenningSpecies.shtml 

Website accessed on 29 th March 2007 
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Unit 



1. Historical perspective 



2. Evidence for evolution 



3. The mechanism 



Learning objective(s) 
At the end of the module 
you should be able to; 

• Compare and contrast the theolegian's 
thinking and that of naturalist about 
the process of evolution. 

• Compare and contrast Lamarck's 
thinking about the process of evolution 
to Darwin's. 

• Discuss the corner stone arguments 
advanced by Darwin for the process of 
evolution. 

• Compare and contrast anatomical 
evidence and embryological evidence 
for the process of evolution. 

• Discuss biochemical evidence for 
evolution. 

• Discuss how the fossil record is used to 
explain the process of evolution. 

• Expalin how the fossil record is used to 
assign dates to life forms that existed in 
prehistoric times. 

• Distinguish between continuous and 
discontinuous variation. 

• Explain how changes in gene structure 
can bring about a phenotype that 
benefits the organism. 

• Explain how a sudden insufficiency 
in oxygen would selectively act on a 
population of a given habitat. 

• Explain the significance of the Hardy 
Weinberg princile in evolution. 

• Describe the conditions under which 
the Hardy Weinberg law operates. 

• Distinguish between the various sources 
of variation in a population. 
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4. Macroevolution 



• Define a species. 

• State the factors, which lead to species 
formation. 

• Compare and contrast the different 
types of evolution in a population. 

• Distinguish between allopatric and 
sympatric speciation in a population. 

• Describe the evolutionary benefits of 
humans over other organisms, which 
have made them more successful. 

• Explain the abundance and diversity of 
organisms in the biosphere. 

Human evolution 

• State the evidence that exists for human 
evolution. 

• Discuss the statement that the Cenozoic 
Era was the Era of mammals. 

• Discuss the major changes that took 
place, which made humans the most 
sophisticated organism. 
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IX. Teaching And Learning Activities 



9.1 Assessment of prior knowledge in evolution 



' "WSfciii 





Euphorbia obesa Astrophytum asterias 

Euphorbia and many Cactaceae species both occur in hot, dry environments and 
have similar modifications. 

http://en.wikipedia.org/wiki/Astrophytum_asterias 

Accessed on 30 th March 2007 



Rationale : This test determines how much you already knwow about the subject 
matter so that learning is concentrated on new materials 

Instructions: 

1 . You are requested to answer all the twenty multiple 
choice questions that follow (20) . 

2. Select the best answer from the list of distractors. 

3. All questions carry equal marks. 

Questions 

1. What is Charles Darwin famous for? 

(a) Observing that animals pass on their phenotypes to their offspring 

(b) Describing evolution using the knowledge of genetics 

(c) The theory of natural selection 

(d) Discovering the Hardy- Weinberg principle 
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2. What does Lamarck stand for in evolution? 

(a) The first biologist to explain evolution in terms of natural selection 

(b) The first biologist to believe that evolution does occur 

(c) That change in organisms was due to the weather conditions in the 

environment 

(d) The environment can bring about inherited change in organisms 

3. What are fossils ? 

(a) Different types of rock formations 

(b) Bones of dead animals found in the soil 

(c) Leaf litter discovered in the top soil in the deserts 

(d) Remains of past life in form of imprints, molds or organic matter 

4. Fossils are used for ... 

(a) predicting future evolution trends 

(b) putting dates to past life 

(c) determinging the total number of organisms that lived in the past 

(d) naming biological organisms 

5. What is adaptation? 

(a) The fact that organims are capable of living both in water and on land 

(b) The ability to live in any given environment 

(c) The development of feaures by an organism that make it survive in an 

environment 

(d) The fact that organisms resemble in their outward appearance 

6. What causes variation in a population? 

(a) mutations/sexual reproduction 

(b) alternating periods of hunger and plenty food in an environment 

(c) overcrowding in a population 

(d) prolonged periods of drought 

7. Why is sexual reproduction important for evolution? 

(a) It brings about population explosion 

(b) It introduces new genotypes in a population 

(c) More offspring are produced that survive to adulthood 

(d) More offspring are produced to replace the old 

8. How did the variety of life come about on earth? 

(a) Through deforestation 

(b) By creation 

(c) Organisms were placed on earth in the same form as they are today 

(d) Through survival of the organisms best adapted to the environment 
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9. What is a species? 

(a) A group of interbreeding organisms that produce fertile offspring 

(b) Organisms whose offspring are usually infertile 

(c) A group of organisms that resemle one another 

(d) Organisms that are genetically different from one another 

10. Some insects are always found on specific plants. What type of 
evolution is associated with this type of habit? 

(a) Disruptive evolution 

(b) Coevolution 

(c) Parallel evolution 

(d) divergent evolution 

11. Why are chimpanzees said to be cousins with human beings 

(a) They resemble humans in many respects 

(b) Chimpazees sometimes can walk with free forelimbs 

(c) They are the only organisms that have a similar genome 

(d) They both can breast feed their young 

12. Which group of animals do human beings belong to? 

(a) The hominids 

(b) The hominoids 

(c) The Chimpazees 

(d) The Gorillas 

13. State the major evolutionary change in humans that has made man 
the most powerful animal. 

(a) The release of the forelimbs to work independently of the hindlimbs 

(b) Ability to walk on two legs 

(c) The use of language to communicate with each other 

(d) The development of an increased brain size relative to its body size 

14. State the similarities between Gregor Mendel's work and that of 
Charles Darwin 

(a) Natural selection is the cornerstone of genetics 

(b) Natural selection is based on the understanding of genetics 

(c) Genetics and acquired inheritance are one and the same 

(d) Drwin's work explains Mendel's work 
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15. What is probability in mathematical terms? 

(a) The absoluteness of numbers 

(b) The uncertainty of whether something will hapen 

(c) Failure for something to happen 

(d) The possibility that something will happen 

16. Express the genotype for homozygous dominant for brown colour 
where brown (B) is dominant over black (b). 

(a) bb 

(b) BB 

(c) Bb 

(d) bB 

17. What is recombinant Deoxyribonucleic acid (DNA)? 

(a) DNA containing foreign DNA fragments 

(b) DNA from hybrid organisms 

(c) RNA mixed with DNA 

(d) tRNA mixed with mRNA 

18. Define a population. 

(a) A collection of animals living together in an environment 

(b) All the individuals of a species in a given area 

(c) Plants and animals that live mutualistically in one environment 

(d) All organisms living on the planet earth 

19. What is biogeography? 

(a) The study of geographical evolution. 

(b) The study of life on earth. 

(c) The study of organisms according to their geographic areas. 

(d) The evolution of life forms. 

20. What is evolution? 

(a) A process of change in organisms over a long period of time. 

(b) The study of fossils. 

(c) The study of the origin of life on earth. 

(d) The study of genetics. 
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Assessment of prior knowledge in evolution 

Answer key: Reasons bearing a bullet (•) are given to justify the choice of 
answer given. 

1 . (c) The theory of natural selection 

• During the time of Darwin knowledge of genetics had not yet been dis- 
covered 

2. (d) The first biologist to believe that evolution does occur 

• Darwin simply improved upon Lamarck's thinking. He was not the first 
to state that evolution did occur. 

(b) The environment can bring about inherited change 

• Lamarck's thinkin in (b) was refined by Darwin later and changed the 
thinkin of Lamarck in (b) 

3. (d) Remains of past life in form of imprints, molds or organic matter 

• Contemporary remains of life forms can never be classified as fossils 

4. (b) putting dates to past life 

• It is the isotope of carbon in the fossil that is used for dating of fossils. The 
C 14 radioactivity of the fossil is compared with that of a modern sample of 
organic matter. The amount of radiaiton left can be converted to the age 
of the fossil. Fossils do not predict nunbers of organisms nor can they be 
used to predict future evolutionary trends 

5. (c) The development of feaures by an organism that make it survive in an 

• Organisms live in specific environments. Therefore they develop special 
features that help them to survive those environmental challenges envi- 
ronment 

6. (a) mutations/sexual reproduction 

• These processes help to reshuffle materials for inheritance and positive 
changes lead to adaptation of organisms to their environments 

7. (b) It introduces new genotypes in a population 

• Yes! During sexual reproduction there is random mixing of materials for 
inheritance leading to variation, which is the source of evolution 

8. (d) Through survival of the organisms best adapted to the environment 

• Orgnisms that have favourable features to the environment survive and 
multiply leading to genetically fit organisms 
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9. (a) A group of interbreeding organisms that produce fertile offspring 

• Likeness of organisms or their ability to mate alone or both does not conti- 
nue a species. Production of young that are themselves able to reproduce 
is more critical for a species 

10. (b) Coevolution 

• The change in phenotype of one organism would normally lead to the 
strategic change in the characteristics of the associated organism. Over a 
long period ot time the two organisms would continue to exist together 
because of mutual benefits 

11. (c) They are the only organisms that have a similar genome 

• DNA sequencing has demonstrated that the Chimpanzees and humans have 
the closest sequencing of nucleotides in their materials for inheritance 

12. (a) the hominids 

• These are the humans themselves. The others are simply human-like 

13. (d) The development of an increased brain size relative to its body 

• No other evolutionary change is more important than the development 
of the big brain. However, the big brain Should always be in relation to 
the relative size of the organism. When this is done it is found that the 
human beings have the largest ratio 

14. (b) Natural selection is baed on the understanding of genetics 

• Charles Darwin's work was carried out without the knowledge of gene- 
tics. However, his assumptiions have been complimented by the works 
of Mendelian genetics 

15. (d) The possibility that something will happen 

• If you throw a dice that has six sides numbered 1,2, . . . , 6 on iits sides, 
the chance that any one of these numbers will fall face up is one out of 
six . It is a chane happening that any one of them will turn up 

16. (b) BB 

• This its the only genotype that will give you a brown colour. The only 
other Possible combination that would give you a brown colour is Bb. But 
this is a heterozygous condition. The question asked for a homozygous 
condition 

17. (a) DNA containing foreign DNA fragments 

• During meiosis there is usually cross over of chromosomes and exchange 
of pieces of chromosome materials between homologous pairs of chro- 
mosomes. Recombination is a result of this. 
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18. (b) All the individuals of a species in a given area 

• The organisms have to be of the same kind. These organisms must occupy 
the same habitat. 

19. (c) The study of organisms according to their geographic areas 

• The abbrevaiation 'Bio' represents 'life' and geography is the 'location' 

20. (a) A process of change in organisms over a long period of time 

• Evolution has to do with change in organisms and that this change must 
take place over a very long period of time. Evolution is rarely observable 
in one's life time 




inlnlH l>Wbia} 



Evidence for evolution 



The principle of homology illustrated by the adaptive radiation of the forelimb 
of mammals. All conform to the basic pentadactyl pattern but are modified for 
different usages. The third metacarpal is shaded throughout; the shoulder is 
crossed-hatched. 

http://en.wikipedia.org/wiki/Evidence_of_evolution 

Accessed on 10 th April 2007 
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Assessment of prior knowledge in evolution 

The questions you have just attempted determine how much prior knowledge of 
evoluton you already know. If you score 40% it means that you have satisfactory 
working knowledge of the subject matter but there is still need to learn more by 
reading in depth most of the topics of the module. A score of 60% means that you 
have good working knowledge of the subject matter but you need to concentrate 
on certain topics of critical need for your better understanding of the subject. A 
score of 80% means that you have an excellent understing of the topic, but that 
you need to refine a few of your concepts further by reading more a selected few 
topics, which obviously make you uneasy in terms of understanding when you 
think about them. 




Humming birds have good eyes. They especially can see red but poor senses of 
smell. These flowers are brightly-colored, especially red, but have no smell, and 
have recurved petals so they are out of the way. Hummingbirds are hover- feeders, 
and these flowers (for example, columbine or fuchsia) are designed to dust the 
bird's head (and back) with pollen 

http://evolution.berkeley.edu/evosite/evol01/IIIFCoevolution.shtml 

Website accessed on 30 th March 2007 
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X. Learning Activities 



Activity One: The theories of evolution 

Evolution is a progressive change in groups of organisms over time. Naturalists 
and scientists have debated the process of evolution for decades. The ideas were 
received with scepticism until the latter part of the 19 th century. This unit traces 
the early thoughts on how there came to be so many kinds of organisms, each 
with unique characteristics that enabled it to survive in environments suited for 
its life. The organisms that lived in the far past are used to explain the present 
day biodiversity through their fossil records. The fossil record is further used to 
show that earlier life forms were much simpler than many present day ones. It 
was believed that each species was placed on earth in its present form with no 
new species being formed. The works of Lamarck, Weisman and Darwin are used 
to explain the present day variety of life. Emphasis is laid on Charles Darwin's 
publication 'the origin of species by natural selection', which laid the foundation 
for the theory of evolution. 

Key words: evolution; theories; biodiversity, BaptisteLamarck; Charle Darwin 

Resources: Clear picture illustrations of fossils and variation in organisms 

Activity Two: The evidence for evolution 

The 'origin of species' states that all living things on earth are a result of descent 
with modification from a common ancestor. Scientists from many disciplines 
have gathered a great deal of evidence that supports the theory of evolution. This 
evidence includes; the fossil records of animals and plants that lived in the past. 
It provides a history of life suggesting where, when and how organisms lived 
in the past, and in some cases helps to determine directly the origin of species. 
The other evidence comes from studies of comparative anatomy, embryology, 
molecular biology and biochemistry including studies of biogeography. These 
studies provide evidence for evolution through a shared ancestor. 

Key words: Evolution; evidence; fossils; biogeography; comparative anatomy, 
embryology, biochemistry; biogeography 

Resources: Video show to illustrate the different types of fossils, which piece 
together the evidence for evolution 

Clear illustrations of anatomical and embryological affinities among some or- 
ganisms 

Museum study tour to view the cultural evolution of man. 
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Activity Three: The mechanism for evolution 

Evolution is a genetic change in a population of organisms that occurs over succes- 
sive generations. Charles Darwin observed that each species produces more offs- 
pring than would survive leading to a struggle for existence. Darwin noticed that 
individuals in a population usually varied in small ways in structure and behaviour 
and that some of these characteristics were inheritable. Therefore, individuals 
in a population that were better adapted to changing environmental conditions 
survived and reproduced thereby increasing their proportion in the population 
per given time. Over time the population may change its characteristics due to 
accumulation of the selected traits in subsequent generations. Darwin attributed 
the success of organisms to natural selection, a process in which, individuals 
with characteristics that are adapted to their surroundings have greater chance 
of surviving and reproducing. The theory is further strengthened by Mendelian 
and modern genetics, which account for the source of variation in genetic terms, 
leading to the modern concept of synthetic or organic evolution. 

Key words: Organic evolution; natural selection; variation; adaptation; 

Resources: Clear picture illustrations of variations leading to selective advantage 
Video show of the classical example of the peppered moth. 

Activity Four: I. Macroevolution 

Evolution is the process by which organisms become modified over generations. 
Natural selection is a mechanism by which the process is achieved. New species 
arise when populations develop characteristics that make them significantly dif- 
ferent from each other leading to the creation of species. This is a consequence 
of the development of barriers that arise between organisms, which prevent the 
exchange of alleles (gene flow) through various isolation mechanisms. This phe- 
nomenon leads to adaptive radiation in which an ancestral organism diversifies 
to fill a variety of different ecological roles in a relatively short period of time. 
Ultimately, evolutionary patterns arise which include, divergent eovolution, 
convergent evolution and co-evolution ending up with extinction, which is the 
loss of a species. 

Key words:Evolution; natural selection; divergent; convergent; co-evolution; 
extinction; speciation; adaptive radiation 

Resources: Clear pictures to illustrate divergent evolution 

Clear pictures to illustrate convergent evolution 

Clear pictures to illustrate adaptive radiation using geographical distributions of 

organisms world wide 
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II. Human evolution 

The mass extinction of dinosaurs and other large animals at the end of the Me- 
sozoic Era left a habitat vacuum. This must have triggered an adaptive radiation 
of surviving vertebrates, particularly mammals. The present Cenozoic Era is 
called the age of mammals. The humans separated from the ape line some 5-7 
million years ago. Modern apes (gibbons, orang-utans, gorillas and chimpazees) 
share a common ape like ancestor with humans. Bipedalism and a completely 
upright posture are the main distinguishing features of hominids. Significantly, 
the evolution of hominid species is the enlargement of the brain size relative to 
its body size, followed by the evolution of modern human culture and all the 
benefits associated with it such as manipulative skills to make tools, farming and 
most recently the science of genetic engineering. 

Key words: Cenozoic Era; hominid evolution; primates; artificial selection; 
genetic engineering 

Resources: Video show on the evolution of man from stone age to date 

Evolution of man made tools from stone age todate 

Excursion to a zoo to view examples of some primates 

Museum study tour to view the cultural evolution of man 

The impact of man on the environment using the classical example of the book 

entitled the 'silent spring' 

Video to illustrate the development of hybrids in agriculture 



• * 
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Learning activity 1 

Reading about and discussing the Theories of Evolution 

Summary 

Using the references listed below make a short statement about the central theme 
of each theory of evolution in about three sentences. Decide the order in which 
the short statements should be arranged for the ideas to be in chronological se- 
quence. Finally, connect the ideas so that the contents complement each other 
in sequence. 

http://en.wikipedia.org/wiki/Charles_Darwin 
http://en.wikipedia.org/wiki/Lamarck 

http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookglossI.html 
http://en.wikipedia.org/wiki/History_of_evolutionary_thought 
http://:anthro.palomar.ed/evolve/sounds/evolution.mp3;http://:anthro.palomar. 
ed/evolve/sounds/Charles_Darwin.mp3 

When participating in this learning activity you will do the following: 

1 . Comparing and contrasting Lamarck's thinking about the process of evo- 
lution to Darwin's. 

2. Discussing how the fossil record is used to explain the process of evolu- 
tion. 

3 . Discussing the corner stone arguments advanced by Darwin for the process 
of evolution. 

4. Reading more about the history of evolution. 

You will be given a reading exercise in which you are expected to identify some 
of the important names that contributed significantly towards providing informa- 
tion on suggestions for the explanation of evolution. One such exercise would 
for example be to compare and contrast the work done by Lamarck on evolution 
to that of Darwin. You should have some access to an internet link and be ale to 
access the following websites listed. The first website you will have to access is 
http://en.wikipedia.org/wiki/Charles_Darwin that will give you a good unders- 
tanding of the work done by Charles Darwin. This should then be followed by 
some reading on Lamarck by accessing the website http://en.wikipedia.org/wiki/ 
Lamarck . Some theoretical foundations are also discussed in another interesting 
website http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookglossI. 
html . Acquaint yourself with some Pre-Renaissance thinking about evolution and 
focus on the work done by Aristotle, Linnaeus, Georges-Louis Leclerc, Comte de 
Buffon and even Erasmus Darwin (Don't confuse Erasmus Darwin with Charles 
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Darwin). However the work done by Charles Darwin should not be ignored and 
notice how it came that the following syntheses were drawn by Darwin in terms 
of the survival of species: 

1. Adaptation: all organisms adapt to their environments. 

2. Variation: all organisms are variable in their traits. 

3 . Over-reproduction: all organisms tend to reproduce beyond their environ- 
ment's capacity to support them (this is based on the work of Thomas 
Malthus, who studied how populations of organisms tended to grow 
geometrically until they encountered a limit on their population size). 

4. Since not all organisms are equally well adapted to their environment, 
some will survive and reproduce better than others ~ this is known as 
natural selection. Sometimes this is also referred to as «survival of the 
fittest». In reality this merely deals with the reproductive success of the 
organisms, not solely their relative strength or speed. 

The arguments listed above have become crucial in understanding and knowing 
more about evolutionary theories and practices. 

If you are really interested in following the history of evolution, go to the website 
http://en.wikipedia.org/wiki/History_of_evolutionary_thought and follow the 
main trends and arguments that have developed the past 1 00 years or more. It 
is important however to link the more important evolutionary events with given 
periods of time. 

http://:anthro.palomar.ed/evolve/sounds/evolution.mp3 ; http://:anthro.palomar. 
ed/evolve/sounds/Charles_Darwin.mp3 : 

This would be followed by an organized discussion in form of a debate where 
you argue in favour of the opinions given by the proponents of the theory. In this 
exercise you would not be given names in whose favour the arguments should 
go. A self-assessment of mastery of the knowledge will be carried out using a 
self administered-quiz. Summaries of relevant reading materials are provided as 
reading exercises under the title of theories of evolution. The interactions between 
yourself and the instructor will be through e-mail using fixed deadline dates for 
submission of work outputs. 

When you have completed reading and talking about the theories of evolution, 
you will have to do the following assignment, either individually or as members 
of a learning group: 

Assignment 1 

Start by discussing the following questions within a group, writing down the 
most important observations gathered from this group discussion. Prepare the 
following assignment in writing. It should not be longer than 1 2 typed pages ( 1 V2 
spaced using Times New Roman (12) or Arial (11) font). Ensure that the correct 
and complete references will accompany your written work using the APA or 
Adapted Harvard referencing techniques: 
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Assessment 

1 . Describe the terms adaptation and naturaral selection. 

2. Explain and discuss very clearly what influence Darwin's friends and fa- 
mily had on his mental development and liberal approach towards thinking 
about creationism and evolutionism. 

3. How would you defend Darwin's theory of common decent highlighted 
in two of his most famous works, The Origin of Species (1859), and la- 
ter in The Descent of Man (1871)? (These two books are not prescribed 
works but could become interesting reading once you have mastered the 
basic principles of evolution. They are often reprinted and make interes- 
ting reading material). You could access more information by visiting 
http://en.wikipedia.org/wiki/Charles_Darwin as retrieved on 2nd of April 
2007. 

4 Visit the websites http://en.wikipedia.org/wiki/History_of_evolutio- 
nary_thought as well as http://www.emc.maricopa.edu/faculty/farabee/ 
BIOBK/BioBookglossI.html and provide a descriptive narrative of how 
certain events have changed the course of our thinking about evolution 
the past 100 years. 

5. This last section relates to Lamarck's errors regarding the inheritance of 
acquired characteristics. It is argued that many people are not properly edu- 
cated in evolution and then assume that evolution works in a Lamarckian 
manner. They also fail to understand that «selection» does not refer to any 
conscious selecting process. These arguments are thoroughly discussed in 
http://en.wikipedia.org/wiki/Lamarck as retrieved on 2nd of April 2007. 
Briefly discuss this argument using good examples to substantiate your 
point of view. Principles of Geology * Charles Lyell's first book 

6. It is often argued that Charles Lyell's book Principles of Geology , served 
as theoretical framework for Darwin's thinking about evolution. Discus 
how such comparisons could be drawn and why Lyell's book shaped 
Darwin's thinking about the geological timelines and fossil records. 
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Learning activity 2 

Reading about and discussing the Evidence for Evolution 

Summary 

Make a short statement about the arguments that have been advanced to support 
the concept of evolution using the references listed below. The main body of 
information should consist of how the fossil evidence forms the basis and why 
the anatomical structures of organisms are important as evidence for evolution. 
Conclude the summary by stating how molecular evidence for evolution is ove- 
rwhelming. 

http://:anthro.palomar.edu/evolve/evolve_3.htm http://en.wikipedia.org/wiki/ 

Evidence_o Revolution 
http://en.wikipedia.org/wiki/Evolution http://www.nyu.edu/projects/fitch/ 

courses/evolution/html/embryologyhtml 
http://en.wikipedia.org/wiki/Evolution 

When participating in this activity you will; 

1. discuss the significance and some of the weaknesses of the fossil 
evidence. 

2. compare and contrast anatomical and embryological evidence for the 
process of evolution 

3. discuss molecular evidence for the process of evolution 

The history of evolution is traced mainly through the presence of remains of 
prehistoric plant and animal life. These records give us undisputable evidence 
for the changes that have occurred to organisms through time. Never the less 
considered alone the fossil record, which are remains of organisms of prehistoric 
times may have some gaps due to incomplete data collection. You will be required 
to do an exercise in which you discuss the significance of the fossil record and 
to observe that the fossil record considered alone could advance speculations of 
doubt about the process of evolution. You should access the following websites 
http://:anthro.palomar.edu/evolve/evolve_3.htm and http://en.wikipedia.org/ 
wiki/Evidence_o Revolution , because when read together these works will help 
you to uderstand the principles of why fossils are important for the explanation 
of evolution. 

The second task will be for you to compare and contrast the evidence advanced 
from studies of anatomy and embryology in support of the process for evolution. 
To help you with the understanding of the subject matter you should refer to the 
same website addresses cited above for details. In addition you would be interested 
to supplement your knwoledge on the subject by going to the following websites 
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http://en.wikipedia.org/wiki/Evolution and http://www.nyu.edu/projects/fitch/ 
courses/evolution/html/embryologv.html . 

It is also expected of you to discuss the molecular evidence which suports the 
evolutionary process. Biologists have been able to show evolutionary relationships 
between species through comparative molecular studies, which show a relationship 
between various species. In this regard the website reference http://en.wikipedia. 
org/wiki/Evolution will help you to understand the basis of this phenomenon. 

Assignment 2 

The class will be divided into two equal groups. Each group will be requested to 
argue convincingly in favour of the evidence which that group has agreed to be 
the most compelling evidence for evolution. 

Assignment 3 

The class will subsequently be requested to do the following exerciese: 

Write an essay of 200 words on the modern thoughts about the evolutionary 
process of evolution. 

Assessment 

1 . What is a fossil? 

2. Explain how the fossil record helps to explain the process of evolution 

3. Discuss how the pentadactyl limb of organisms explains the process of 
evolution 

4. Why is the evidence from molecular biology so convincing in the expla- 
nation of the process of evolution 
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Learning activity 3 

Reading and discussing the Mechanism of Evolution 

Summary 

The mechanism of evolution is a process that occurs over a period of time. Make 
a summary in fifteen sentences describing how variation and natural selection 

as advanced by Darwin and Wallace help to explain the process of evolution. 
Support their arguments with the theories put forward by Mendel whose work 
came later on the scene. The following readings will be useful; http://www.caf. 
wvu.edu/-rwhtmorwman224/Evolution%20and%20Natural%20Selection.htm . 
http://talkorigins.org/faqs/evolution-dennition.html . Conclude the summary by 
making reference to molecular biology on the subject of descent by modification 
from a common ancestor. http://WWW.uchospitals.edu/news/1998/19981126- 
hsp90.html and http://www.palaeos.com/Evolution/Darwinism.htm 

When participating in this activity you will : 

1 . Understand the relationship between the works of Charles Darwin and 
Gregor Mendel with regard to evolution 

2. Understand the process of natural selection 

3. Distinguish the various forms of natural speciation 

4. Discuss the process of natural selection as a driving force for evolution 

You are required to underatand that Darwin and Wallace appreciated the concept 
of natural selection through the process of variation and adaptation. What they 
failed to undestand is what caused the variation in organisms. Gregor Mendel is 
the one who sebsequently and independently discovered that there was recombina- 
tion of parental traits in offspring. To get an appreciation of this you are required 
to consult the website references http://talkorigins.org/faqs/evolution-defmition. 
html http.//anthro.palomar.edu/evolve/evolve_2.htm. 

For Darwin to come up with the principle of natural selection, he travelled around 
the world as a naturalist during which period he gathered evidence to explain 
the process of evolution. The website link http://www.caf.wvu.edu/-rwhtmorw- 
man224/Evolution%20and%20Natural%20Selection.htm and http://evolution. 
berkelev.edu/evolutionarv/article/0_0/evo_25 will help you to understand the 
arguments for the process of natural selection and the modern evedince using 
the peppered moth. Darwin's book 'the origin of the species by means of natural 
selection' summarised evidence in favour of the concept that all organisms have 
descended with modification from a common ancestor. Neo-Darwinian theory 
incorporates genetics to explain the process. The molecular basis for the mecha- 
nism of evolution, which further supports the idea can be reached on the following 
website addresses http://WWW.uchospitals.edu/news/1998/19981126-hsp90.html 
and http://www.palaeos.com/Evolution/Darwinism.htm . 



• * 
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To demonstrate that evolution is a topical issue refer to a British Broadcasting 
news print by referring to the website http://news.bbc.co.uk/2/hi/science/na- 
ture/222096.stm . 

Small changes of characteristics within a population can accumulate to cause 
species formation. This is speciation on a small scale. You are required to read 
the articles on the subject matter by making reference to http://en.wikipedia. 
org/wiki/speciation and #. 

Practical lesson 

Variation among plants and animals can be observed. In one exercise you are re- 
quired to distinguish among classmates or individuals in the community, between 
continuous and discontinuous variation using tongue rolling as an example of a 
discontinuous variation and human height as an example of a continous trait. 

As an example of discontinous variation, you can get a randomly chosen group 
of twenty people. You would ask them to roll their tongues. Those who are able 
to roll their tongues are called toungue rollers and those that can not roll their 
tongues are called non-tongue rollers. You will discover indeed that some people 
can easily roll their toungues while others can not. This is genetically based. It is 
an example of the fact that there is variation among organisms some of which is 
not so obvious. A set of such variations in an organism can either make an orga- 
nism bettter adapted to the environmen in which it lives or the organism would 
fail to cope with the environmental conditions for survival. 

Tongue rollers: (total number X) 
None Tongue rollers: (total number Y) 

You can use height of individuals to demonstrate that there is continous variation 
of traits among individuals in a population. Take the heights of thirty randomly 
selected people. Record the totals of individuals with the same heights. For 
example those whose height is one meter are six, lm (6); those that are one meter 
three centimeters are eighteen, 1.3 (18); those that are one meter six centimeters 
are fortyfive 1.6 (45) and so on. Plot a graph of the number of individuals on 
the y-axis and the number of individuals for each height on the x-axis. You will 
note that height in a population of individuals varies and is continuous. The 
larger the sample the more continuous the variable would be. Make reference to 
the following websites to get an appreciation of the principles invlolved; http:// 
en.wikipedia.org/wiki/Polymorphism_%28biologv%29 

In this article polymorphism is defined, the genetic basis of it is discussed and 
different examples of morphisms illustrated. 
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Questions 

1 . Discuss how variation can lead to formation of species in a population 

2. Explain the governing principles of natural selection as stated by 
Darwin 

3. Define species and explain the process of speciation using geographic and 
sexual isolation as examples. 

4. Discuss the link between Darwins work and that of Mendel with regard 
to evolution. 

5. Discuss modern evidence, which supports the process of natural selection 
as a mechanism for evolution 
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Learning activity 4 

Reading and discussing macroevolution 

Summary 

In an effort to summarise this learning activity, examine the subject matter under 
the specific headlines of; divergent, convergent andpararell evolution. http:/evo- 
lution.berkeley.edu/evosite/evo 1 1 /VIADefmition.shtml . For each one of them 
state the cause(s) and effect(s) on the organisms. Conclude the summary by lin- 
king these forces of evolution to diversity and why Homo sapiens had conqured 
the environment in which it lived http://en.wikipedia.org/wiki/Homo_habilis on 
29th March 2007 . 

1 . Compare and contrast the different types of evolution in a population. 

2. Distinguish between convergent and divergent speciation in a popula- 
tion. 

3. Explain the biodiversityof organisms in the biosphere. 

4. Discuss the human evolutionary trends, which have made humans the 
instinctive and intelligent being 

You will be given a reading exercise which will help you to define and understad 
the process of macroevolution. The required reading for this can be found on 
the website http :/evolution.berkeley edu/evosite/evo 101 /VIADefmition. shtml. 
The same reading materials will reveal to you in summary form the historic 
explanations for the diversification of organisms and the extinction of some of 
them from the face of the planet earth. 

Assignment 5 

At the end of this reading you will administer a self-quizz to assess the extent to 
which you have understood the concepts of macroevolution. Different types of 
macroevolution can be identified. For the purpose of comprehending this concept 
you will find it necessary to visit the following website; htt://evolution.berkeley. 
edu/evosite/evo 101 IIIFCoevolution.shtml? . The evolutionary trends in humans 
is one of the most exciting phenomenon in discussions relating to the process of 
evolution. Professor Grover Krantz has the following to say on the subject he 
has titled ' the evolution of man'. 

'Wise men, psychologists, philosophers and theologians have surmised 
and conjectured about the human over the centuries, and still do but the 
truth about the human may be found only through factual knowloedge. 
That factual knowledge lies in a process called evcolution. The human 
is what evcolution made him ". 

Retrieved from the website address: 
http://en.wikipedia.org/wiki/Homo_habilis on 29th March 2007. 
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You are required to read through this referenced subject content and pay particular 
attention to the evolutionary trends of humans from the times of Ardipithicus 
ramidus (5 to 4 million years ago) to the times of Homo sapiens sapiens (200 
thousand years ago). The reading will also bring out facts about the significance 
of the brain size in humans, which is relatively bigger than that found in other 
organisms by body weight. 

Assignment 6 

You will be expected to do an exercise on finding solutions to problems relating 
to Hardy Weinberg law in evolution. You will also be required to do an exercise 
in form of an essay of 100 words, which outlines the conditions under which the 
Hardy- Weinburg principle operates. 

Refer to the following text book for the problem on ' A study in human popula- 
tion genetics'. 

Biological Sciences Curriculum Study, American Institute of Biological Scien- 
ces. 1963. Biological Science: Molecules to man. Houghton Mifflin Company. 
Boston. New York. pp. L77-L78 

Assignment 7 

You are required to; 

1 . discuss the reasons for the variety of life on earth. 
Afterwards you will be required to: 

2. watch a video show on biodiversity. 
Ultimately you will be required to; 

3. write an essay of about 150 words explaining the major trends in the 
evolution of human beings, which have made humans so successful. 

Assessment 

1 . Explain the significance of the Hardy Weinberg law in evolution 

2. What is adaptive radiation. Give examples of this phenomen using the 
evolution of tools used by humans as an example. 

3. Define macroevolution. Give explained examples of how divergent, 
convergent and parallel evolution differ form each other using the 
following website reference; http://www.biologie.uni-hamburg.de/b- 
online/library/cat-removed/u4aos2p4.html is different from convergent 
evolution 

4. Discuss the evolution of humans with respect to his/her ability to mani- 
pulate the environment to his/her advantage. 
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PARALLEL EVOLUTION 

"In PARALLEL EVOLUTION two related species arise from a common ances- 
tor. The two species then evolve in much the same way over time, probably in 
response to similar environmental selection pressures." 

In this example, both the wooly mammoth, which occupied parts of North 
America, and the elephant, still found in Asia and Africa are presumed to have 
evolved from a common ancestor. Their geographical isolation and environmental 
selection pressures caused further evolution of the species, but each, in its own 
location, occupies(d) a similar niche. 

http://www.biologie.uni-hamburg.de/b-online/library/cat-removed/u4aos2p4. 
html 

Website accessed on the 10th April 2007 

http://www.biologie.uni-hamburg.de/b-online/library/cat-removed/u4aos2p4. 
html 

Website accessed on the 10 th April 2007 



African Virtual University 32 



+•• ••*•• 



• ■■** 



XL Glossary of Key Concepts 



EVOLUTION. This is a gradual positive change in the genotype of an orga- 
nism and its resulting phenotype, which is influenced by the environment. The 
favourable phenotypes in the organism can either be morphological, anatomical 
or biochemical, which enable the organism to exploit the environment for its 
survival. Evolution is a slow process whose effects are noticeable over several 
successive generations. It is not possible to notice the effects of evolution within 
an organism's lifetime. It is a process that leads to the formation of species. 

ADAPTATION. These are charateristics of an organism, which together enable 
it to survive in an environment through its reproductive age. The organism must 
be able to pass on to its offspring all the favourable alleles before its death. This 
leads to the perpetuation of the species in the environment, (source: own 

VARIATION. Organisms in a population differ from each other in small ways 
that are sometimes difficult to notice, such as differences between twins, and yet 
even them differ from each other in subtle ways. For instance maize plants in 
a field may look alike, but when examined more closely they differ from each 
other in various respects such as height, vigour, rate of fruit production, drought 
resistance etc. 

MUTATION. A gene is a basic unit of inheritance. It is made up of a sequence of 
nucleotides, which together determine the phenotype of an organism. A mutation 
occurs when the order of nucleotides in the gene is interrupted, when the gene 
is no longer able to produce the phenotype in the organism as before. If a gene 
coded for a bird carrying a long beak and a mutation for the length of the beak 
took place, the phenotype of a long beak in the bird would disappear. What would 
come in its place would be some structure different from a long beak. 

SELECTION. This is a process that operates on the differences in traits between 
organisms. The organisms that have genotypes that produce favourable phenotypes 
in a species enable them to survive in a given environment. Such organisms get 
selected and continue their existence while those that have traits, which are not 
suited to the environment fail to reproduce sufficiently and fail to survive and 
sebsequently get 'weeded' out of a population. 

SPECIES. A species is a group of organisms with similar characteristics in 
form, anatomy and physiology that are capable of mating and producing fertile 
offspring. For example human beings are an example of a species scientifically 
called Homo sapiens. A horse and a donkey might resemble but do not belong 
to the same species, because although they can mate they produce infertile offs- 
pring, the mule. 

MICROEVOLUTION. This involves small genetic changes in organisms of 
a population involving a small number of traits. This phenomenon takes place 
over short periods of time. 
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MACROEVOLUTION. These are genetic changes that accumulate over long 
periods of time and bring about major changes arising from the involvement of 
many traits. Macroevolution takes a long time to show its effects as species are 
formed to occupy a wide range of habitats 

BIODIVERSITY. This means the abundance of life in its various forms. It inclu- 
des all the life forms ranging from the unicellular organism such as a bacterium 
to the largest animal the elephant and the largest tree the baobab tree. 

EXTINCTION. A species can die due to failure on its part to take advantage of 
the resources in the environment leading to starvation and disease followed by 
failure produce offspring to replace it. The species becomes extinct and it is not 
expected to appear again. This is what happened to the dinosaurs. 
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XII. List of Compulsory Readings 



Reading 1: Theories of evolution 

Web addresses: 

http://en.wikipedia.org/wiki/History_of_evolutionary_thought 

http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookglossI.html 

http://:anthro.palomar.ed/evolve/sounds/evolution.mp3 

http://:anthro.palomar.ed/evolve/sounds/Charles_Darwin.mp3 

http://en.wikipedia.org/wiki/Charles_Darwin 

http://en.wikipedia.org/wiki/Lamarck 

Abtract: 

As far back as the 17 th Century clergymen postulated that organisms on earth 
were created by God, from the most simple to the most complex. It was belie- 
ved that these organisms have not changed in form since their day of creation. 
However, modern thinking is that organisms have been changing in form over 
time and many theories have been advanced to support this claim. The theories 
are summarized below. 

Rationale: 

It is important to appreciate the 17 th Century opinions from theologians and na- 
turalists about the diversity of life on planet earth and to compare and contrast it 
with modern theories as advanced by modern thought on the subject in the light 
of genetics. 

Reading 2: Evidence for evolution 

Web addresses: 

http://:anthro.palomar.ed/evolve/credits.htm 

http://www.nyu.edu/projects/fitch/courses/evolution/html/embryology.html 

http://en.wikipedia.org/wiki/Evidence_of_evolution 

http ://: anthro.palomar. edu/evolve/evolve_3 .htm 

http://en.wikipedia.org/wiki/Evolution 

Abstract: 

What facts are there to support the theory of evolution? Comparative anatomy 
demonstrates this through the pentadactyl limbs of mammals. The developments 
of embryos of mammals show a common ancestry. The genomes of all organisms 
from the smallest to the most complex prove a shared descent with modification. 
The evidence is abundant. 
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Rationale: 

Evolution is difficult to prove in experimental form in the laboratory. Forms of 
evidence from contemporary life are provided that are so persuasive to make a 
reader realise that given several generations the process must have taken place 
and should still be taking place. 

Reading 3: The mechanism 

Web addresses: 

http://en.wikipedia.org/wiki/speciation 

http://news.bbc.co.Uk/2/hi/science/nature/222096.stm 

http://talkorigins.org/faqs/evolution-definition.html 

http://en.wikipedia.org/wiki/evolution 

http://en.wikipedia.org/wiki/speciation 

http://www.kheper.net/evolution/Darwinism.htm 

http://WWW.uchospitals.edu/news/1998/19981126-hsp90.html 

http://www.palaeos.com/Evolution/Darwinism.htm 

http://news.bbc.co.Uk/2/hi/science/nature/222Q96.stm 

http://talkorigins.org/faqs/evolution-definition.html 

http.//anthro.palomar.edu/evolve/evolve_2.htm 

http://evolution.berkelev.edu/evolibrarv/articlibrary/article/Q_Q/evo_25 

http://www.caf.wvu. edu/- 

rwhtmor/wman224/Evolution%20and%20Natural%20Selection.htm 

Abstract: 

How does descent with modification come about in organisms? Evolution is a 
slow process, which takes place over many successive generations. During that 
period, which is beyond an organism's life span, organisms that respond to envi- 
ronmental changes and adapt to them by altering their genotypes and ultimately 
their phenotypes exploit the resources of their environments to their benefit and 
continue to survive through reproduction. 

Rationale: 

An explanation is provided to show how the causes of evolution interact with 
organisms to change their genetic make up so that they can overecome environ- 
mental challenges for their survival. 
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Reading 4: Macroevolution 

Web addresses: 

http://evolution.berkeley.edu/evosite/evolQl /VIADefinition.shtml 

http://evolution.berkeley.edu/evosite/evo 1 1/VIbPatterns.shtml 

http://www.bookrags.com/Divergent_evolution 

http://www.goddessofscience.net/Biology/BiolC/Evolution.htm 

http://www.pbs.Org/wgbh/evolution/library/01/4/l_014_01.html 

http://evolution.berkeley.edu/evosite/evol01/IIIFCoevolution.shtml 

http://www.onelife.com/evolve/manev.html 

http://en.wikipedia.org/wiki/Human_evolution 

http://www.handprint.com/LS/ANC/evol.html 

Abstract: 

This is evolution on a large scale. An ancestral species is capable of giving rise 
to many species that go on to fill a variety of ecological environments and play 
different ecological roles in those environments. This phenomenon is called 
adaptive radiation. This is how the mammals evolved from their ancestral stock 
to occupy a wide array of habitats leading to Homo sapiens (the humans) the 
most sophisticated mammal. 

Rationale: 

Adaptive radiation, which is the corner stone of evolution on a large scale is 
explained. The examples of how mammals took over most of the environmental 
habitats on the planet earth are discussed as an example of macroevolution. 
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XIII. Compiled List of (Optional) 
Multimedia Resources 



Resource #1: Images of human evolution 

http://images.search.yahoo.com/search/images?_adv_prop=images&imgsz = 
all&vf=all&va=evolution&ei=UTF-8&fr=yfp-t-501&b=l 

Abstract: 

A set of images are provided that demonstrate the evolution of humans from 
prehistoric times to date. Progressive change in the features and charactereistics 
of humans from their prehistoric ancestors are shown including how humans 
progessed in their use of tools. 

Rationale: 

Concepts in evolution are usually taught from a theoretical point of view because 
it is not possible to show gradual changes over millions of years in a three hour 
laboratory session. Therefore this exercise shows progrssive change in the features 
of the ogranism which normally take more than one's life time to happen and 
therefore difficult to show in experimental video form. This includes the gradual 
change in the use of tools, which can not be observed at once. 

Resource #2 : Views on evolution 

By chance or by design? 

The other side of common beliefs 

http://evolutionoftruth.com/evo/evotxtbk.htm 

Abstract: 

This exerise provides arguments for evolution as a natural process that is respon- 
sible for the diverstiy of life on earth and cites scienific evidence for it. It also 
provides the cournter arguments in support of the presence of life on earth as a 
result of intelligent design through the work of a supernatural force, God. As a 
reader you are left to make an informed decision as to which way the discussion 
should go. 

Rationale: 

Whenever evolution is discussed there are usually divergent views expressed to 
explain the present diversity of life on earth. This exercise provides an opportunity 
in the course for other opinions to be expressed and to get them discussed. It also 
gives the reader an opportunity to check their concepts to either make them more 
concrete or to change them to suit factual thinking. 
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XIV. Compiled List of Useful Links 



Useful Link #1: Theories of evolution 

URL: http://en.wikipedia.org/wiki/Charles_Darwin 

Title: Charles Robert Darwin 

Description: A biography of Charles Robert Darwin and the theory of evolution. 
It also takes you through the development of the theory of natural selection and 
briefly discusses the descent of human beings. 

Rationale: It is useful reading because it intergrates the theories of evolution 
with other subsequent concepts on evolution. 

Useful Link #2: Theories of evolution 

URL: http://en.wikipedia.org/wiki/Lamarck 

Title: Jeane Baptiste Lamarck 

Description: This reading essentially emphasises the ideas of Jean Baptiste La- 
marck and how the concepts subsequently complimented the thinking of Darwin 
on evolution. 

Rationale: It is a piece of writing worth reading because Darwin's work is rein- 
forced by Lamarck's observations. 

Useful Link #3: The evidence for evolution 

URL: http://en.wikipedia.org/wiki/Evidence_of _evolution 

Title: Evidence from paleontology 

Description: The evidence from studies on paleontology are discussed including 
those from other studies such as comparative morphology, anatomy, physiology, 
biochemistry, geographical distribution, including antibiotic and pesticide resis- 
tance. 

Rationale: The reference provides complete reading on the evidence on evolution 
although not quite exhaustively. 
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Useful Link #4: The evidence for evolution 

URL: http://www.nyu.edu/projects/fitch/courses/evolution/html/embryology. 
html 

Title: Darwin's evidence: Embryology 

Description: The development of embryos of mammals show a common ancestry. 
The genomes of all organisms from the smallest to the most complex produce a 
shared descent with modification. 

Rationale: This reading together with that in reading 1 on the evidence for evo- 
lution are complimentary. 

Useful Link #5: The mechanism of evolution 

URL: http://en.wikipedia.org/wiki/ Speciation 

Title: Speciation 

Description: This article explains how new and distinct species form from po- 
pulations through various methods of speciation. 

Rationale: The article is useful because the concepts are very well illustrated 
using animations. 

Useful Link #6: The mechanism of evolution 

URL: http://www.kheper.net/evolution/Darwinism.htm 

Title: Evolution through natural selection 

Description: The five cornerstone steps of evolution are outlined and the process 
of natural selection is explained in detail. 

Rationale: The concepts of natural selection are isolated in point form making 
it easy to digest the principles of the process. 

Explanation 

The illustration below simulates changes in a moth population due to pollution 
and predation by birds. Note how a species can change over time. 

1. Light moth (left), dark moth (right); differences are due to variation 

2. Light moth prominent against dark background 

3. Light moth preyed upon by bird; it is selected against 

4. When background is light the dark moth becomes prominent and gets 
preyed upon instead 

5. Ultimately there are no moths to feed on and the birds starve. The birds 
will not reproduce, and therefore the bird numbers will reduce with a 
possible threat of extinction. 
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Useful Link #7: The mechanism of evolution 

URL: http://www.uchospitals.edu/news/1998/19981126-hsp90.html 

Title: Molecular mechanism for evolution 

Description: The mechanism for evolution at molecular level is described. 

Rationale: It is a unique article because it is the first time molecular mecha- 
nism for promoting evolutionary change in response to the environment is dis- 
cussed. 

Useful Link #8: The mechanism of evolution 

URL: http://www.palaeos.com/Evolution/Darwinism.htm 

Title: The modern synthesis of genetics and evolution 

Description: Current ideas about evolution are explained. The article in the main 
provides modern consensus among evolutionary biologists on the process of 
descent with modification from a common ancestor at the level of genes. 

Rationale: The article contrasts and compliments Darwin's evolutionary 
theory 

Useful Link #9 : The mechanism of evolution 

URL: http://news.bbc.co.Uk/2/hi/science/nature/222096.stm 

Title: Mechanism of evolution 

Description: The mechanism for evolution is discussed in a British Broadcasting 
Corporation news item. 

Rationale: This article demonstrates that evolution is still a topical issue attracting 
attention from the news reporters and allows you to have a feel of how scientific 
news is reported by journalists. 

Useful Link #10: The mechanism of evolution 

URL: http://www.caf.wvu.edu/Squigglerwhtmor/wman224/Evolution%20and% 
2QNatural%2QSelect ion.htm 

Title: Evolution and natural selection 

Description: How descent with modification from a common ancestor comes 
about is described. 

Rationale: The article provides alternative reading to the earlier cited references 
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Useful Link 11: The mechanism of evolution 

URL: http://evolution.berkeley.edu/evolibrary/articlibrary/article/Q_Q/evo_ 25 

Title: Natural Selection 

Description: The process of natural selection is explained using an illustraion 
of a population of beetles. 

Rationale: You must read the article because the illustration is simple and makes 
The concept of the process of natural selection easy to understand. 

http://evolution.berkeley.edu/evolibrary/articlibrary/article/0_0/evo_25 

Website accessed on the 2 nd April 2007 

This is an illustration of how natural selection works in a population. The green 
beetles are selected against, therefore allows the brown beetles to contunue multi- 
plying through reproduction. Ultimately the brown beetles are selected forbecause 
they have a favourable phenotype for survial 

Useful Link #12: The mechanism of evolution 

URL: http://evolution.berkeley.edu/evolibrary/article/0_0/evo_25 

Title: Natural Selection 

Description: The process of natural selection is supported by an explanation 
through DNA sequencing, which shows kinship between organims through 
similarities between their DNA nucleotide sequences. In addition it provides a 
scientific explanation for the fossil record of ancient life and discusses the concept 
of extinction of species. 

Rationale: Modern examples of Natural selection are provided such as the Pep- 
perd Moth, insect resistance, pesticide resistance and also Discusses extinction 
of species. 

Useful Link #13: Macroevolution 

URL: http://en.wikipedia.org/wiki/macroevolution 

Title: Speciation 

Description: In this article the terms species, speciation, and divergent evolution 
are defined. The article also deals with the causes of speciation. 

Rationale: It is a useful article to read as it contains easy to understand illustra- 
tions. It also has a quizz at the end. 

http://evolution.berkeley.edU/evolibrary/article//evo_41 

Website accessed on 2 nd April 2007 

These happy face spiders look different, but since they can interbreed, they are 
considered the same species: Theridion grallator. 
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Useful Link #14: Macroevolution 

URL: http://evolution-berkeley.edu/evosite/evo 101 IIIFcoevolution. Shtml 
http://evolution-berkeley-edu/evosite/evol01/VIADefmition.shtml 

Title: Coevolution 

Description: The terms macroevolution, patterns of evolution and coevolution 
are stated. The term coevolution is illustrated using insect pollinated plants as 
examples to demonstrate the concept. 

Rationale: It is mandatory that this article should be read together with the ones 
that have gone before on macroevolution because the illustrations are clear and 
interesting. 

Useful Link #15: Macroevolution 

URL: http://www.pbs.Org/wgbh/evolution/library/01/4/l_014html 

Title: Convergent evolution 

Description: The article gives examples of convergent evolution in four different 
animals from around the world. 

Rationale: This article should be read together with the earlier article on diver- 
gent evolution. It is well illustrated and makes the concept easy to understand. 

Useful Link #16: Macroevolution 

URL: http:/en.wikipedia.org/wiki/Divergent_evolution 

Title: Divergent evolution 

Description: The term is defined and examples of vertebrate limbs are given. A 
molecular description is also given as it relates to cell types. The article makes a 
distinction between convergent and divergent evolution. 

Rationale: The article contrasts between convergent and divergent evolution, 
which is useful when done in one article. 

Useful Link 17 : Evolution of the humans 

URL: http://en.wikipedia.org/wiki/Homo_habilis 

Title: The evolution of the human 

Description: The evolution of humans is discussed from the hominids as herd 
herbivores to the time of the intellectual Homo sapiens sapiens, who have lived 
for 200 thousand years now. 
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Rationale: A complete history of humans is given in compact form with species 
and their periods of existence. 

All organisms from the smallest to the most complex share a common ancestor 

Useful Link 18 : Polymorphism 

URL: http://en.wikipedia.org/wiki/Polymorphism_%28biologv%29 

Title: The mechanism of evolution 

Description: In this article polymorphism is defined, the genetic basis of it is 
discussed and different examples of morphisms illustrated. 

Rationale: Natural selection is the primary explanation of variation in natural 
populations. The selection pressure operates on differences in the traits between 
organisms. Some traits are more suited for survival than others. The origin of this 
can also be found in polymorphism 




Dark-morph or melanistic Jaguar 
(about 6% of the South American population) 







Light-morph Jaguar (typical) 

Website accessed on 5 th December 2007 

Apes and humans share a common ancestor. A great ape will not commonly cause 
death to another ape. However dancing to music and prescribing treatment for 
illness is exclusive to humans. 
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XV. Synthesis of the Module 

Evolution is the central theme of biology. It accounts for the unity that exists 
among the diverse organisms through a common ancestry Charles Darwin pro- 
posed that natural selection is a mechanism that explains the process of evolution. 
Sexual reproduction causes new genotypes leading to new phenotypes or variants 
in a population. Mutations, genetic drift and gene flow can also cause variation 
among individuals in a population. The environment determines which of the 
variants will have the opportunity to transfer their alleles to their offspring. This 
selection process does not cause individuals to change, but merely determines 
which ones will prosper and which ones will die without leaving offspring behind 
and therefore becoming extinct . 

Natural selection operates only on traits, which increase the organism's chances 
of survival as a means of adaptation to the environment. Genetic variation is 
necessary for evolution and it is maintained by the heterozygous condition in 
a population as demonstrated in humans by the selective advantage in hetero- 
zygous carriers of the sickle cell allele. The Hardy- Weinberg principle is used to 
determine whether allele frequencies are changing in a population as proof for 
natural selection. 

Speciation is the formation of two or more species from one. Different types of 
natural selection pressures bring about this effect on a population. These are sta- 
bilizing evolution, directional evolution and diversifying evolution. Geographical 
and sexual isolation also contribute to the formation of species through allopatric 
and sympatric isolation. This results in a population that is significantly different 
from its ancestral species. There is no genetic exchange between them even if 
they were to meet again. Small genetic changes in a population in a few traits 
over short periods of time are called microevolution. 

In macroevolution different patterns of evolution are exhibited, through divergent, 
convergent and coevolution in which species evolve and might radiate from their 
ancestral species into many species that ultimately occupy an array of diferent 
ecological niches. When considered together these account for adaptive radiation 
leading to biodiversity. In macroevolution subatantial amount of genetic changes 
take place in several traits over a very long period of time leading to radiative 
adaptation. 

The lineage of species can come to an, when the last individual of a species 
dies, and the species is not to reappear, which is referred to as the extinction of 
a species. 
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XVI. Summative Evaluation 



Questions 

1. Most mutations are harmful. How can they be a source of variation for evo- 
lution? 

2. At what point during meiosis do new gene combinations arise? 

(a) At interphase when chromosomes begin to show by thickening. 

(b) At metaphase when chromosomes cross over and exchange segments. 

(c) At telophase when chromosomes separate 

(d) No gene combinations take place during cell division 

3. How do mutations contribute to the process of evolution? 

4. Why is evolution not noticeable within the lifetime of an individual? 

5. List the different patterns of evolution. Explain how each pattern differs from 
the other. 

6. What is the significance of the Hardy- Weinberg principle in evolution? 

7. Explain why the dinosaurs became extinct at one time of their existence. 

8. Explain the evidence of embryology for the process of evolution. 

9. Human beings have attempted to control the populations of undesirable 
organisms in an effort to protect their food and themselves. What are the 
consequences of this effort in evolutionary terms? 

10. What is a fossil? 

(a) Preserved remains of organisms or their impressions 

(b) Old parts of organisms found between rocks 

(c) Tools used for hunting by people 

(d) Drawings on walls of huts in villages 

1 1 . The modern biota evolved during the . . . 

(a) Paleozoic era 

(b) Mesozoic era 

(c) Cenozoic era 

(d) Cambrian period 
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12. What assumptions are made for Hardy- Weinberg principle to operate? 

(a) a population must be domesticated, mate conservatively and no agents of 
evolution act on the population 

(b) a population must be small, mate randomly and no agents of evolution 
act on the population 

(c) a population must be small, mate randomly and agents of evolution act 
on the population 

(d) a population must be large, mate randomly and no agents of evolution act 
on the population 



Summative Evaluation 

Answer Key 

1 . Answer: Evolution has taken place for more than 2 billion years and therefore 
the genes present today have proven to be of definite survival value. Any 
change in a gene now is likely to produce a harmful effect. 

2. Answer: (b) 

3. Answer: Mutations introduce new genotypes in a population by changing 
the gene structure. Mutations that contribute to evolution are those that bring 
about favourable phenotypes in a population. 

4. Answer: Evolutionary changes in a population are gradual over several gene- 
rations. No noticeable change can be recorded within the one generation. 

5. Answer: Divergent and convergent. 

Divergent evolution is when a species gives rise to more than one species 
through adaptive radiation. Convergent evolution is when two species evolve 
to resemble one another phenotypicaly but remain distinct from each other 

6. Answer: The Hardy-Weinberg principle is used to determine if natural 
selection was taking place in a population by checking whether the allele 
frequency in a population was changing or not. 

7. Answer: The environment in which the dinosaurs lived happily for a long 
time came to change so much so that the genotype of the dinosaurs could 
not enable the animals to cope with the changing environment. Therefore the 
dinosaurs could no longer gather food efficiently, leading to failure to repro- 
duce due to hunger. Ultimately the species of dinosaurs became extinct. 

8. Answer: Ontogeny recapitulates phylogeny 
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9. Answer: Undesirable outcomes are often caused. For example the develop- 
ment of resistant variant organisms to medicine and pesticides. Some of these 
variants become more pathogenic than their ancestoral stokes and because 
they are ever evolving human beings take time to find means of bringing 
them under control. 

10. Answer: (a) 

11. Answer: (c) 

12. Answer: (d) 
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XVII. Resource Books 



The resource books cited below cover units 1-4 

You are expected to read all of these books on various topics, this is because 
concepts are presented differenty by different authors. Therefore you are looking 
for the author who puts facts across to suit your perception and understanding. 
The more books you sample on a topic the clearer the principles and concepts 
will become. 

1. Biological Sciences Curriculum Study, American Institute of Biological 
Sciences. 1963. Biological Science: Molecules to man. Houghton Mifflin 
Company. Boston. New York. 

2. Brum, G. D. and Mc Kane L. K. 1989. Biology: Exploring life. John Wiley 
and Sons. 

3. Kent, M. 2000. Advanced Biology. Oxford. 

4. Kimbal, J. 1965. Biology. Addison- Wiley Publishing Company, inc. 

5. Mader S. S. 2004. Biology, International edition. McGraw - Hill. http://www. 
mhhe.com/maderbiology8 

6. Maynard, J. 1989. Evolutionary genetics. Oxford University Press, Oxford, 
NY, Tokyo. 

7. Purves, W. K. et al. 1998. Life: The Science of Biology, 5 th ed. W H Freeman 
and Co. Distribution Centre. USA. www.sinauer.com 

8. Simpkins, J and Williams, J. I. 1984. Advanced biology, 2 nd ed. English 
Language Book Societ. 

9. Solomon, E. P. and Berg, L. R. 1995. The World of biology, 5 th ed. Saunders 
College Publishing. 
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